The surface water quality of some stagnant water bodies (ponds and lakes-Obi Lake, Usede pond, Oguta lake, Omuku pond, Ugheghe pond, Karabodone lake, Abua lake, Ikarama lake, Tenmako lake, and Adiegbe lake) in the Niger Delta area of Nigeria have been investigated experimentally by analysing the physico-chemical and biological characteristics of the surface water samples. Results show: pH (5.10 -7.40), temperature (26.4˚C -31.0˚C), turbidity (7.83 -27.7NTU), electrical conductivity (13.5 -34.8 µS/cm), biochemical oxygen demand (BOD) (1.07 -19.5 mg/l), chemical oxygen demand (COD) (1.90 -21.5 mg/l), suspended solids (SS) (9.70 -37.3 mg/l), dissolved oxygen (DO) (2.7 -8.7 mg/l), total dissolved solids (TDS) (33.8 -187.0 mg/l), total phosphorus (0.73 -2.47 mg/l), ammoniacal nitrogen (AN) (0.018 -4.70 mg/l) and total fecal coliform count (TFCC) (nil -2175 cfu/ml). Results on the water quality using Malaysian Water Quality Index (WQI) show that Usede pond and Obi Lake belong to Class II with values that are 75.24 and 76.73 respectively. The WQI of Oguta lake, Omuku pond, Ugheghe pond, Karabodone lake and Abua lake are 67. 46, 65.64, 65.87, 50.77, and 67.01 respectively and belongs to class III. The WQI of Ikarama lake, Tenmako lake, and Adiegbe lake are 43.38, 37.60, and 41.40, respectively and belongs to class IV and is described as fair.
Introduction
Water is an indispensable resource for the world economy as well as a precondition for human, animal and plant life, as there can be no stability of health and wellbeing without safe and adequate water supply. Water is a universal solvent dissolving a number of substances that it comes in contact with. However, water for human consumption and other domestic purposes should be free from disease causing organisms, poisonous substances and excessive amounts of mineral and organic matter. It should also be free from colour, turbidity, taste and odour.
The problem of potable water shortage has become a serious matter in the world from local to global perspective and has commanded a dramatic attention. It is reported that about 80 countries of the world now have water shortage and this is reflecting through their health and economies, while 40% of the World population has no access to clean water or sanitation [1] . This condition is worse in developing countries. In Nigeria for example, safe water is an important national political issue especially in the rural areas. In most urban and rural settings major sources of water for drinking and domestic purposes are rivers/creeks/streams/ponds, hand-dug wells and harvested rain water [2] .
Several studies have documented the detection of coliforms, heterotrophic bacteria and hydrocarbon utilizing bacteria (HUB) in rivers and streams in the Niger Delta area [3] [4] [5] . Studies on the physico-chemical and biological composition of stagnant surface water bodies such as ponds and lakes are still scarce and limited. This paper presents a study on the physico-chemical and bio-logical characteristics of stagnant surface water bodies (ponds and lakes) used for drinking and domestic purposes in the Niger Delta area of Nigeria. The quality of such sources of water was also assessed using Malaysian Water Quality Index (WQI). The use of water quality indices (WQI) is a common practice to circumvent the intrinsic difficulty of assessing overall quality standard involving a certain set of water bodies. Water quality indices are intended to provide a simple but reliable tool for managers and decision makers on the quality of water for a wide range of uses for a given set of water bodies [6] .
Materials and Methods

Study Area
The study area is the Niger Delta region of Nigeria. It is located within Latitude 5˚45' -6˚35' and Longitude 4˚50' -5˚15' in the southern part of the country. Geopolitically, the Niger Delta comprised of oil producing states of; Abia, Akwa-Ibom, Bayelsa, Cross-River, Delta, Edo, Imo, Ondo and Rivers (Figure 1) . It covers an estimated area of about 70,000 km 2 which accounts for about 8 percent of Nigeria's land mass [7] . The petroleum Industry in Nigeria is located in the Niger Delta area, with distribution of oil fields. The area accounts for about 90 percent of Nigeria's gross earnings as the production and exports of oil and gas play a dominant role in her economy [7] .
Previous study of the meteorology of the area [8] , reveals the average atmospheric temperature to be 25.50˚C in the rainy season and 30.00˚C in the dry season. The daily relative humidity values range from 55.50 percent in dry season to 96.00 percent in rainy season. Rainfall in the area averages 2500 mm annually. The rainfall pattern shows two identifiable seasons; the rainy season (April to October) and the relatively short dry season (November to March). The area is a vast flood plain built by accumulation of sedimentary deposits washed down the Niger and Benue rivers. The Niger Delta area is the largest wetland in West Africa and one of the largest mangrove forests in the world [9] . The area is criss crossed with numerous rivers, streams, tributaries, creeks and creeklets. Human settlement pattern is linear along the bank of the rivers.
Methodology
10 (ten) stagnant surface water bodies (ponds and lakes) that serve as the source of water for domestic and drinking purposes were selected within the study area. All sampling points were geo-referenced ( Table 1) .
Water for the study was sampled according to the method of [10] . A stainless steel water sampler was used to collect surface water samples of the selected locations. The samples collected from 5 (five) random points within each location were taken to the laboratory for analyses. At each of the sample collection sites, a record was kept on the sample container indicating date, time, and location of sampling. Samples were properly handled and all necessary quality assurance and quality control (QA/QC) measures such as preservation, storage, and labeling, were taken. All sample containers were pretreated by washing in dilute hydrochloric acid and rinsed with distilled water. Winklers bottles were used to collect samples for BOD measurements. Fast changing parameters such as pH, temperature, dissolved oxygen (DO), total dissolved solids (TDS), turbidity and electrical conductivity were measured in-situ using a multi-parameter water quality monitor (model 6000 UPG). At the determination of any of these parameters the instrument was properly checked and calibrated. All water samples for the study were collected within the late rainy season (September -October) of 2012 and taken to Federal University of Petroleum Resources, Department of Environmental Sciences Laboratory for analysis.
In the laboratory, samples were analyzed for: BOD (biochemical oxygen demand), COD (chemical oxygen demand), SS (Suspended solids), ammonical nitrogen (AN), total phosphorus (TP) and TFCC (total fecal coliform counts). TSS was determined using the mass loss technique (APHA 209D-Total Non-filtrate Residual Dried at 103˚C -105˚C. The oven dried (at 105˚C for 1 hour) filter paper was used instead of glass fibre filter. The dried filter paper was weighed and then used to filter 100ml of the sample. The filter paper and the residue were then dried in the oven at 105˚C for 1 hour and allowed to cool. The paper and residue was then weighed and recorded). BOD was determined using iodometric method while Ammonical Nitrogen was determined using Brucine colourimeter method. Total phosphate (TP) as determined using spectrophotometric method. For w ecal coliform samples, 3 dilutions were prepared and analyzed by the membrane filtration method in triplicate. All methods of analyses were consistent with [11] [12] [13] .
The WQI equation eventually consists of the subindexes, which are calculated according to the best-fit relations given in Equations (2)- (7). The formulas used in the calculation of WQI are:
The water quality at each of the sampling location was assessed using the Malaysian Water Quality Index (WQI) as reported [14] . Equation (1) gives the water quality index. The index considers six parameters. The parameters which have been chosen are dissolved oxygen (DO), biological oxygen demand (BOD), chemical oxygen demand (COD), total suspended solid (TSS), pH value (pH), and ammonical nitrogen (AN) [15] . The parameters and the weightage were assigned to each parameter. 
where, WQI = Water quality index (dimensionless unit); SI DO = Sub-index of DO; SI BOD = Sub-index of BOD; SI COD = Sub-index of COD; The WQI approved by the Malaysian DOE (Equation (1) 
Sub-index for BOD:
Sub-index for COD: 
71 -90 Good; Based on the Malaysian WQI, water quality is classified according to one of the following categories shown in the Table 3 .
From the results (Table 3) , the pH of surface water samples vary from slight acidity to neutrality with mean values between 5.10 and 7.40. The acidic pH may have resulted from humic acid (HA) formed from decaying organic matter which is consistent with the report of the Niger Delta swamp environment [16, 17] . The acidic pH range appears to be suitable for the survival of freshwater fish and bottom dwelling invertebrates [18] . pH affects many chemical and biological processes, for example low pH permits toxic elements and compounds to become mobile and available for uptake by aquatic plants and animals [19] .
The temperature of a water body is an important water quality parameter because excessive temperature (>35˚C) through the addition of heated liquid effluents to water bodies alters the state of the recipient body in a number of waters. High temperatures increases the level of turbidity and invariably results to reduce rate of light penetration and this in turn off sets photosynthetic process of phytoplanktons (the beginners of food chain) which is the primary food link between fry and fingerlings and the adult fish. A high temperature increases the metabolic rate of aquatic organisms and causes a reduction in the level of dissolved oxygen (DO). This may retard the growth and reproduction of fish and in severe condition result to death of marine life. High temperatures cause suspended solid to settle at a faster rate (2.5 times faster at 35˚C than at 0˚C). Density and viscosity of water will also reduce at higher temperatures.
Temperature values recorded in the surface water samples ranged from 26.4˚C to 31.0˚C. The variability in temperature values in the surface water bodies may have resulted from the weather condition of the sampling points at the time of the study.
Turbidity is the cloudiness or haziness of a fluid caused by individual particles (suspended solids) that are generally invisible to the naked eye. The measurement of turbidity is a key test of water quality. Turbidity is an optical property relating to light adsorption and scattering in water. It is an important parameter because it affects the penetration of sunlight into the water body. The turbidity of the surface water bodies ranged between 7.83 and 27.7 Nephelometric Turbidity Units (NTU) which is above regulatory limits of 5 mg/l [12] . This relatively high turbidity accounts for non visibility of the bed of the surveyed ponds and lakes from the surface. This may also affect the transmission of light rays of the sun and hence have effect on the bottom dwelling phytoplankton. The higher turbidity values are to the presence of humic substances resulting from decaying organic matter and Electrical conductivity refers to the specific electrical conductance of water i.e. the ability of water to pass electric current. The conductivity of water in µS/cm is roughly proportional to the concentration of dissolved solids (mostly inorganic salts) it contains. Thus conductivity is important in ecology and environmental management as an indicator of the total dissolved inorganic salts and other solids in water. Electrical conductivity of the surface water samples ranged between 13.5 and 34.8 µS/cm. The low values of electrical conductivity may be attributed to the freshwater nature of the water bodies as have been similarly reported [20] .
A good level of dissolved oxygen is essential for aquatic life. It is an important parameter in water quality assessment. The concentration of DO vary daily and seasonally and depends on the species of phytoplankton present, light penetration, nutrient availability, temperature, salinity, water movement, partial pressure of atmospheric oxygen in contact with the water, thickness of the surface film and the bio-depletion rates [21] . The DO levels of the surface water bodies ranged between 2.7 and 8.70 mg/l. DO value for fresh water depends upon the temperature, and its value varies from 14.62 mg/l at 0˚C to 7.63 mg/l at 30˚C (at normal atmospheric pressure). DO levels below 5.0mg/l, aquatic life is put under stress and could result in large fish kills if sustained for a few hours [21] . The DO levels in Ikarama, Tenmako, Karabodone and Adiegbe lakes provide a poor condition for the survival for aquatic life [22] . The observed DO levels at these points may have resulted from the biodegradation of organic waste such as sewage.
Total Dissolved Solids (TDS) are the total amount of mobile charged ions, including minerals, salts or metals dissolved in a given volume of water. TDS is directly related to electrical conductivity of water as;
TDS level in the surface water samples ranged between 33.8 mg/l and 187.0 mg/l. As a rough estimation, freshwater may be considered to have TDS of 1500 mg/l; brackish water, 5000 mg/l and saline water, above 5000 mg/l and sea water TDS values lie between 30,000 and 34,000 mg/l. The recommended maximum value for surface water bodies is 2000 mg/l [23] .
Suspended solids (SS) consists of an inorganic fraction (silts, clays, etc) and an organic fraction (algae, zooplankton, bacteria, and detritus) that are carried along by water as it runs off the land and these contribute to the turbidity or cloudiness of a water body [24] . Suspended solids can clog fish gills, resulting in either fish death or reduction in growth rate. They also reduce light penetration, thereby reducing the ability of algae to produce food and oxygen. A positive effect of the presence of suspended solids in water is that toxic chemicals such as pesticides and metals tend to adsorb to them or become complexes with them thereby making the toxics less available for absorption by living organisms. In a study in which SS was increased to 80 mg/l, the macro invertebrate population was decreased by 60% [24] . SS level in the surface water samples were between 9.70 mg/l and 37.3 mg/l. The obtained levels of TSS may have resulted from presence of silt and other suspended materials observed in the water body.
Biochemical oxygen demand (BOD) is the amount of oxygen required by microorganisms to stabilize decomposable organic matter at a particular time and temperature. BOD test is widely used to determine the pollutional strength of domestic and industrial wastes in terms of the oxygen that they require to deliver end products as CO 2 and H 2 O. Most pristine rivers will have a 5-day BOD below 1 mg/l. Moderately polluted rivers may have a BOD value in the range of 2 to 8 mg/l. Municipal sewage that is efficiently treated by a three stage process would have a value of about 20 mg/l. Untreated sewage varies, but averages around 600 mg/l in Europe and as low as 200 mg/l in the United State, or where there is severe groundwater or surface water infiltration [11] . BOD level in the surface water samples was between 1.07 mg/l and 19.5 mg/l. Using the BOD values as standard for evaluating the water body, the water quality most of these water bodies may be described as heavily polluted.
COD is the amount of (dissolved) oxygen required to oxidize and stabilize (organic and inorganic content of) the sample solution. It is used to measure the content of oxidizable organic as well as inorganic matter of the given sample of waters. Chemical oxygen demand is related to biochemical oxygen demand (BOD), another standard test for assaying the oxygen-demanding strength of waste waters. The COD of a waste is higher than the BOD because more compounds are chemically oxidized in a short interval of time. It had the advantage of getting completed in 3 hours compared to 5 days of the BOD test. It is possible to correlate BOD and COD. BOD 5 /COD ratio is called Biodegradability Index and varies from 0.4 to 0.8 for domestic wastewaters. If BOD/COD is >0.6 then the waste is fairly biodegradable and can be effecttively treated biologically. If BOD/COD ratio is between 0.3 and 0.6, then seeding is required to treat it biologically. If BOD/COD is <0.3 then it cannot be treated biologically. COD level in the surface water samples were between 1.90 mg/l and 21.5 mg/l. Using the BOD/COD values as standard for evaluating the water quality of the water bodies, they may be classified as highly biodegradable. The obtained COD level in some of the water bodies is low compared with 30,000 mg/l that is reported for starch processing companies [25] .
The nutrient content of water is an indication of the degree of sustainability of the system of primary production. At very high concentration of nutrients such as total phosphate and ammonical nitrogen, eutrophication in river bodies may be possible. The ranges of total phosphate and ammonical nitrogen in the study water bodies ranged between 0.73 -2.47 mg/l and 0.018 -4.70 mg/l respectively.
Total fecal coliform count (TFCC) in the water bodies ranged between Nil and 2175 (cfu/ml). At Ikarama, Tenmako, Karabodone and Adiegbe lakes the presence of TFCC indicates a point source of contamination which invariably is the visible presence of pier toilet.
Results of the assessment of the water quality of the surface water bodies using the water quality index as reported [14] are presented in Table 3 . Using the water quality index, the water quality of Usede pond and Obi Lake defined at the sampling stations belongs to Class II with values that are 75.24 and 76.73 respectively. Empirically, the water quality of these water bodies can be described as good.
The good water quality of Obi pond and Usede Lake may have stemmed from the role of traditional beliefs in the conservation of natural resources [26] [27] [28] . Traditional conservation ethics are capable of protecting biodiversity species in particular and the environment in general as long as the local communities have a stake in it. In fact, traditional ecological knowledge (TEK) systems are infused with practices and concepts, and modes of teaching and learning that can be related directly and indirectly to resource stewardship and conservation at various scales.
At the "Obi" pond popularly called Obi Lake, it is believed that the Obi spirit inhabits the water body. There is the traditional Obi cult in the community with a juju priest in charge of offering sacrifices to the Obi god. Usually membership into this group is on strict qualification with terms and condition of membership strictly spelt out and passed down to community members for onward transmission to their children while growing up. Most often the process of initiation is a transitive one, from adolescent to adulthood and done in the night deep inside the shire.
Felling of trees or fuel wood collection within thirty meters radius from the pond is strictly prohibited. This principles though unknown was meant to preserve the watershed and the surrounding vegetation, this conesquently checks the amount of evapotranspiration and allows some amount of tolerable water temperature for both micro and aquatic organisms to continue their ecosystem services for the enrichment of the soil, continuous supply of water and the healthy growth of the forest. The vegetation cover also helped to keep the water cool and fresh for drinking. Bathing and washing of clothes around, near or inside the pond is not allowed. Fishing or harvesting any aquatic animals within the pond is not allowed.
Reasons abound for this law, spanning from the respect for the Obi god who protect the pond and the organisms helping to purifying the pond and keeping the pond alive and also control the spread of diseases. Silence is observed while fetching water from the pond because it is believed that while speaking, an infected person may spill or splash saliva, so an infected person with tuberculosis or whooping cough for example may spill infected saliva containing the bacteria into the water. In addition this rule ensured the gods were not provoked to anger. Their anger could result in lake drying up.
Other taboos, such as the disallowing of menstruating women to collect water from the pond, prevent the defilement of pond deity and the issue of menstrual blood in traditional beliefs has been treated extensively in anthropology as a source of potent force [29] .
"Usede" pond is a mysterious pond harvested for fish species by the entire Ase kingdom once in ten years. The Usede pond is such that nobody goes there to fish alone within this period of ten years. Even if you go fishing alone, the punishment begins by having a bloated stomach and later death no matter the sacrifice made. So entrant into the pond alone is frightening. The reverence for the water body because of the presence Usede god prevents community people from using the water resource indiscriminately.
Using the water quality index, the water quality of Oguta lake, Omuku pond, Ugheghe pond, Karabodone lake and Abua lake are 67.46, 65.64, 65.87, 50.77, and 67.01 respectively and belong to class III. Empirically, the water quality can be described as average or medium.
Using the water quality index, the water quality of Ikarama lake, Tenmako lake, and Adiegbe lake are 43.38, 37.60, and 41.40 respectively and belong to class IV. Empirically, the water quality can be described as fair. Using the BOD/COD values as standard for evaluating the water quality of these water bodies, they may be classified as highly biodegradable. This also indicates a point source of contamination which invariably is the presence of human activities such as sewage recipient.
Conclusions
The surface water quality of some stagnant water bodies (ponds and lakes) in the Niger Delta Area of Nigeria has been experimentally studied. This is sequel to the fact that most of the water bodies in the study area serve the purpose for drinking and other domestic activities.
Results of the assessment of the water quality of the surface water bodies at the sampling points indicate that the water quality varies from good to fair through medium. Sewage discharge related water pollution problems were observed at four locations. From the study, there is high risk of water contamination from fecal coliforms on a specific scale and other water quality monitoring parameters on a broad scale.
